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ABSTRACT
Owing to the detection of an extremely bright fast radio burst (FRB) 200428 from SGR 1935+2154
associated with a hard X-ray counterpart, the distance of SGR 1935+2154 potentially hosted in the
supernova remnant (SNR) G57.2+0.8 can be revisited. Under the assumption that the SGR and the
SNR are realistically related, in this Letter, we investigate the dispersion measure (DM) of this radio
burst contributed by the foreground medium of our Galaxy and the local environments including a
magnetar wind nebula and SNR, and by combining the current observational results about the SGR
and SNR, we find that the distance is in a narrow range of 9.06 to 9.11kpc and the SNR radius falls
into 14.5−14.6pc since the local DM contribution is as low as 0−5 pc cm−3. These results are basically
consistent with the previous studies but appear to be more constrained. Additionally, the study for
the Faraday rotation measure of the SGR and SNR is also available.
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1. INTRODUCTION
Very recently, an extremely bright millisecond-
timescale radio burst from the direction of the
Galactic magnetar SGR 1935+2154 was reported
by The CHIME/FRB Collaboration et al. (2020) and
Bochenek et al. (2020). More excitingly, its po-
tentially associated X-ray counterpart was also de-
tected by Insight-HXMT (Zhang et al. 2020b,c,d), AG-
ILE (Tavani et al. 2020), INTEGRAL (Mereghetti et al.
2020), and Konus-Wind (Ridnaia et al. 2020) tele-
scopes. In addition, a subsequent highly polarised
radio burst with Faraday rotation measure (RM)
+112.3 rad m−2 was detected by the FAST radio tele-
scope (Zhang et al. 2020a), approximately consistent
with RM= +116 ± 2 ± 5 rad m−2 of FRB 200428
(The CHIME/FRB Collaboration et al. 2020). From
the previous investigations about the magnetar SGR
1935+2154, it has a spin period P ≃ 3.24 s, a spin-
down rate P˙ ≃ 1.43× 10−11 s s−1, a surface dipole mag-
netic field strength Bp ≃ 2.2 × 10
14 G, an age t ∼ 3.6
kyr, and a spin-down luminosity Lsd ∼ 1.7×10
34erg s−1
(Israel et al. 2016), possibly hosted in the Galactic su-
pernova remnant (SNR) G57.2+0.8 (Gaensler 2014).
In the literature, however, the distance of SNR
G57.2+0.8 has a large range and remains highly de-
bated even though many authors have used various
methods, e.g., the statistical radio surface-brightness-to-
diameter relation (∼ 9.1 kpc; Pavlovic´ et al. 2013), the
empirical relation between the hydrogen column density
NH and the dispersion measure (DM) (11.7±2.8 kpc;
Surnis et al. 2016), and the local standard of rest (LSR)
velocity measure via HI absorption feature (12.5±1.5
kpc; Kothes et al. 2018), (4.5-9.0 kpc; Ranasinghe et al.
2018), and CO gas towards the SNR (6.6±0.7 kpc;
Zhou et al. 2020). For SGR 1935+2154, Kozlova et al.
(2016) gave an upper limit < 10 kpc through the scat-
tered link between the squares of the radii of the emit-
ting areas and their black-body temperatures.
In this Letter, we assume SGR 1935+2154 is indeed
associated with both SNR G57.2+0.8 and FRB 200428
and the SNR has the same age with SGR 1935+2154,
and then purely use the DM and combine with current
observations to estimate the distance in Section 2. Our
results are displayed in Section 3. A discussion on RM
estimate and results is arranged in Section 4, and con-
clusions are drawn in Section 5.
2. DM ESTIMATE
Based on the observations of CHIME and STARES ra-
dio telescopes, The CHIME/FRB Collaboration et al.
(2020) and Bochenek et al. (2020) reported that the
FRB from SGR 1935+2154 has analogous DMobs =
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332.7206±0.0009 pc cm−3 and 332.702±0.008 pc cm−3,
respectively. The observed DMobs is mainly contributed
by the foreground interstellar medium (ISM) in our
Galaxy (DMGal), the magnetar wind nebula (DMMWN),
and the SNR (DMSNR), that is,
DMobs = DMGal +DMMWN +DMSNR, (1)
where the foreground DM of our Galaxy
DMGal =
∫ D
0
ne(l)dl, (2)
which is related to the distance D of SGR 1935+2154
that can be obtained via the Galactic electron density
(ne) model NE2001 (Cordes & Lazio 2002) (or YMW16;
Yao et al. 2017).
The DMMWN is principally attributed to O-mode
wave and may be given by (e.g., Yu 2014; Cao et al.
2017; Yang & Zhang 2017)
DMMWN ≃ 0.082 pc cm
−3 µ
2/3
±,4B
4/3
p,14P
−11/3
0 , (3)
where µ± = 10
4µ±,4 is the multiplicity parameter of the
electron-positron pairs, Bp = 10
14Bp,14G is the dipole
magnetic field, and P = 100P0 s is the rotation period
of the magnetar.
In regard to the DMSNR, it heavily depends on the
ambient medium: constant density ISM or wind envi-
ronment. So we consider the DM contribution by the
SNR in two different scenarios as follows.
2.1. Constant ISM
It is widely believed that an SNR has three phases
after a supernova (SN) explosion in the constant ISM
scenario: (a) the free-expansion phase, (b) the Sedov-
Taylor phase, (c) and the snowplow phase. Since SNR
G57.2+0.8 has possibly reached the end of the Sedov-
Taylor phase or entered the snowplow phase due to
the non-detection of X-ray emission (Kothes et al. 2018;
Zhou et al. 2020), the DMSNR for the ionized medium
(including shocked ejecta and shocked swept ambient
medium1), can be estimated by
DMSNR ≃
{
34 pc cm−3 t
2/5
2 E
1/5
51 n
4/5
2 , t < tSP
81 pc cm−3 t
2/7
3 E
0.225
51 n
0.737
2 , t > tSP
(4)
during the Sedov-Taylor and snowplow phases (e.g.,
Yang & Zhang 2017; Piro & Gaensler 2018), where E =
1 We assume the swept ambient medium is fully ionized and also
neglect the unshocked ambient medium in the upstream of the
shock since it is neutral hydrogen dominated.
1051E51 erg is the energy of the explosion, ti = t/10
i
yr, and n = 102n2 cm
−3 is the number density of a
uniform ambient ISM, as well as the snowplow time
tSP ≃ 3920 yr E
0.22
51 n
−0.55
2 (e.g., Draine 2011). The cor-
responding SNR radius during different phases can be
written by (e.g., Taylor 1950; Sedov 1959; Draine 2011;
Yang & Zhang 2017)
RSNR ≃
{
0.84 pc t
2/5
2 E
1/5
51 n
−1/5
2 , t < tSP
2.44 pc t
2/7
3 E
0.225
51 n
−0.263
2 , t > tSP
(5)
Here we use the Sedov-Taylor radius independent of the
SN ejecta mass as the SNR radius (Yang & Zhang 2017)
rather than the blastwave radius depending on the SN
ejecta mass (Piro & Gaensler 2018) can be a good ap-
proximation when the SNR probably has reached the
end of the Sedov-Taylor phase or entered the snowplow
phase.
2.2. Wind Environment
In the wind scenario, the SNR evolution has two
phases: the early ejecta-dominated phase and the wind-
dominated phase occurring at very late times, based on
Piro & Gaensler (2018). During different phases, the
DMSNR is calculated by (see Table 2 of Piro & Gaensler
2018)
DMSNR ≃


13 pc cm−3 µ−1e t
−3/2
2 E
−3/4
51 M
5/4
1 K
1/2
13 ,
t < tch
0.088 pc cm−3 µ−1e t
−2/3
3 E
−1/3
51 K
4/3
13 ,
t > tch
(6)
where µe is the mean molecular weight per electron,
M = M1 × 1M⊙ is the mass of the SN ejecta,
K = 5.1 × 1013 g cm−1 M˙−5v
−1
6 (here, the mass-
loss rate M˙−5 = 10
−5M⊙ yr
−1 and the wind veloc-
ity v6 = vw/10
6 cm s−1), and the characteristic time
tch = 1.9 × 10
3 yr E
−1/2
51 M
3/2
1 K
−1
13 separating the two
phases. This characteristic time corresponds to a radius
Rch = 16.8 pc M1K
−1
13 . Such that the SNR radius re-
garded as the blastwave radius can be related to Rch
and tch through the analytic functions (see Table 2 of
Piro & Gaensler 2018)
RSNR ≃


1.79Rch (t/tch)
[
1 + 0.33 (t/tch)
1/2
]−2
,
t < tch
[1.11 (t/tch)− 0.11]
2/3
Rch,
t > tch
(7)
3. DM RESULTS
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A very useful observational constraint for SNR
G57.2+0.8 is that it is an almost circular source with
an average diameter about 10′, i.e., radius θr ≈ 5
′.5
(Kothes et al. 2018), which relates to the SNR radius
via the distance D
D =
RSNR
θr
. (8)
In addition, the observational constraints for DMobs, t,
Bp, and P are also known. Through the calculations of
Equation (3), we can find that the value of DMMWN is
far smaller than 1 pc cm−3 even if µ± is very large like
106, so we safely ignore this term in Equation (1) for
subsequent calculations.
In the ISM scenario for the SNR, combining Equa-
tions (1), (2)2, (4), (5), and (8), we can get a power-law
relation with an index 1.0 between the explosion energy
E and the ambient medium density n, as illustrated in
the top panel of Figure 1. It also shows that the ambient
medium density favors a relatively low value < 1 cm−3.
Meanwhile, we can also acquire a narrow distance dis-
tribution D ≃ 9.06 − 9.11 kpc, a narrow SNR radius
RSNR ≃ 14.5−14.6 pc, and a limited DMSNR ≃ 0−5 pc
cm−3 illustrating in the middle and bottom panel of Fig-
ure 1, within a typical SN explosion energy ranging from
a few 1049 erg to several 1051 erg (e.g., Pejcha & Prieto
2015; Lyman et al. 2016). Visibly, it can also be seen
that the DMSNR is very low at the current age t = 3.6
kyr of SGR 1935+2154, compared to the Galactic con-
tribution DMCal.
For the wind environment towards the SNR, employ-
ing Equations (1), (2), (6)3, (7), and (8), we obtain a
relation between the explosion energy E and the pa-
rameter K for M = 2 M⊙ (stripped-envelope SNe) and
M = 10 M⊙ (red supergiant progenitors), as appeared
in Figure 2. The parameter K declines sharply when
the explosion energy E < 4 × 1050 erg (E < 2 × 1051
erg) for M = 2M⊙ (M = 10M⊙), so we estimate the
evolutions of other parameters by only considering the
explosion energy E > 4×1050 erg (E > 2×1051 erg) for
M = 2M⊙ (M = 10M⊙). Other panels of Figure 2 ex-
hibit that the distance spansD ≃ 9.06−9.11 kpc and the
DM contribution of the SNR occupies DMSNR ≃ 0 − 5
pc cm−3 for different SN ejecta mass. These results are
in comparison with those in ISM scenario.
In summary, our results seem more compact even
though they are generally consistent with those in pre-
vious studies by Pavlovic´ et al. (2013), Surnis et al.
2 Here, we adopt the YMW16 model whose code has been built-in
the pyymw16 package of Python.
3 We adopt µe = 1. The values of µe in a reasonable range cannot
significantly influence the final results.
(2016), Kothes et al. (2018), Ranasinghe et al. (2018),
and Zhou et al. (2020) for SNR G57.2+0.8, and
Kozlova et al. (2016) for SGR 1935+2154. The former
methods in Pavlovic´ et al. (2013), Surnis et al. (2016),
and Kozlova et al. (2016) are empirical and statistical,
with intrinsic large scatter. The latter seem to be more
direct methods and they are mainly related to the un-
certainties of the LSR velocity measure and the rotation
curve of the Galaxy. In contrast, the distance estimate
from DM in this paper is assumption-dependent and
model-dependent but the results seem to be not signifi-
cantly changeable in different models. The uncertainty
in this method maybe mainly originate from the Galatic
electron density distribution of YMW16 model.
4. RM ESTIMATE
Similarly to the DM estimate, the observed RMobs
should also has three parts: the foreground RMGal due
to the Galatic ISM and permeating magnetic fields, the
RMMWN contributed by the magnetic wind nebula, and
the RMSNR resulted from the SNR, read as
RMobs = RMGal +RMMWN +RMSNR. (9)
(1) The first part RMGal can be expressed as
RMGal[rad m
−2] = 0.81
∫ D
0
ne[cm
−3]B‖[µG]dl[pc]
(10)
where B‖ is the component of the Galatic magnetic
field (GMF) parallel to the line of sight. RM is
positive when the magnetic field points towards us.
There is a general model of the GMF consisting of
two different components: a disk field and a halo field
(Prouza & Sˇmı´da 2003; Sun et al. 2008). The widely
used disk field is the logarithmic spiral disk GMF
model, which has two versions: the axisymmetric disk
field (ASS model) and the bisymmetric disk field (BSS
model) (e.g., Simard-Normandin & Kronberg 1980;
Han & Qiao 1994; Stanev 1997; Tinyakov & Tkachev
2002). To estimate the RMGal, we consider the disk
field with an ASS form or BSS form and halo field with
a basic form (Prouza & Sˇmı´da 2003; Sun et al. 2008;
Jansson et al. 2009; Sun & Reich 2010; Pshirkov et al.
2011) as done in Lin & Dai (2016), combining with the
Galatic free electron distribution ne in Yao et al. (2017)
and the distance D ≃ 9 kpc from DM estimate. How-
ever, the RMGal has different values in different models
or in same models but with different parameters, from a
few tens to several hundreds of rad m−2, e.g., ∼670 rad
m−2 for ASS+halo and ∼ 270 rad m−2 for BSS+halo in
Pshirkov et al. (2011), and −82 rad m−2 for ASS+halo
in Sun et al. (2008). Therefore, it cannot be well esti-
mated by the GMF models. Otherwise, Kothes et al.
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Figure 1. In the constant ISM for the SNR: (a) ambient
medium density n as a power-law function of SN explosion
energy E (top panel); (b) the distance D of SGR 1935+2154
evolves with the SN explosion energy E (middle panel); (c)
the DMSNR contributed by the SNR is relevant to the SN
explosion energy E (bottom panel).
1050 1051 1052
1011
1012
1013
1014
1015
 
 
K
 (g
 c
m
-1
)
E (erg)
 M=2M

 M=10M

1050 1051 1052
9.06
9.07
9.08
9.09
9.10
9.11
 
 
D
is
ta
nc
e 
(k
pc
)
E (erg)
 M=2M

 M=10M

1050 1051 1052
0
1
2
3
4
5
 
 
D
M
SN
R
 (p
c 
cm
-3
)
E (erg)
 M=2M

 M=10M

Figure 2. In the wind environment for the SNR: (a) the
parameter K = 5.1 × 1013 g cm−1 M˙
−5v
−1
6
as a function of
explosion energy E of supernova (top panel); (b) same as
the middle panel of Figure 1 (middle panel); (c) same as the
bottom panel of Figure 1 (bottom panel).
(2018) found that the foreground RM= +223 ± 2 rad
m−2 for SNR G57.2+0.8 via the polarized intensity
maps.
(2) The second part RMMWN is primarily caused by
the magnetar wind nebula due to the magnetar spin-
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down energy release. The magnetic field of the nebula
at time t can be crudely estimated by (Metzger et al.
2017)
Bn ≃
(
6ǫBLsdt
R3n
)1/2
, (11)
where ǫB is the ratio of the magnetic energy to the shock
energy. Assuming Rn ∼ (0.01 − 0.1)RSNR ≃ 0.1 − 1
pc (RSNR is gained in section 3), and giving ǫB ∼ 0.1,
Lsd ∼ 1.7× 10
34 erg s−1, and t ∼ 3.6 kyr, one would get
Bn ∼ 1 − 100µG. In this case, a very low RMMWN ≃
0.81 rad m−2 DMMWN
pc cm−3
Bn
µG ∼ 0.01 − 0.3 rad m
−2 is ac-
quired through Equation (3). Even though some pa-
rameters are uncertain, the RMMWN should be low if
they locate in reasonable ranges.
(3) Akin to DMSNR estimate, RMSNR in different sur-
rounding environments also has distinct evolutions.
ISM Scenario. In the snowplow phase, SNR velocity
reads (Yang & Zhang 2017)
vSP = 690 km s
−1 t
−5/7
3 E
0.445
51 n
−0.813
2 . (12)
So that the magnetic field generated in the shocked ISM
is estimated as (Piro & Gaensler 2018)
BISM≈ (16πǫmpn)
1/2
vSP
≈ 2.02× 103 µG ǫ
1/2
−1 t
−5/7
3 E
0.445
51 n
−0.313
2 (13)
where ǫ = 10−1ǫ−1 is the ratio of the magnetic energy to
the shock energy. Hence, the RMSNR in the snowplow
phase (t > tSP) deduced from Equations (4) and (13)
can be written down as, along with the RMSNR in the
Sedov-Taylor phase (t < tSP) (Piro & Gaensler 2018),
RMSNR ≃


1.28× 105 rad m−2 ǫ
1/2
−1 t
−1/5
3 E
2/5
51 n
11/10
2 ,
t < tSP
4.94× 104 rad m−2 ǫ
1/2
−1 t
−3/7
4 E
0.67
51 n
0.424
2 ,
t > tSP
(14)
Combining with the result between the energy of explo-
sion E and the number density n of ambient ISM in the
top panel of Figure 1, one can derive RMSNR as a power-
law function of the explosion energy with an index 1.5,
as displayed in the left panel of Figure 3. It is shown
that RMSNR can increase up to 10
3 rad m−2 when E
approaches to 1052 erg.
Wind Scenario. The RMSNR in wind environment is
calculated by (Piro & Gaensler 2018)
RMSNR ≃


0.002 rad m−2 x0.1R∗,2B∗,0µ
−1
e E
−1
51 M1t
−2
3 ,
t < tch
0.0017 rad m−2 x0.1R∗,2B∗,0µ
−1
e E
−2/3
51 K
5/3
13 t
−4/3
4 ,
t > tch
(15)
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Figure 3. The RMSNR vs. the energy of explosion E in ISM
(left panel) and wind (right panel) environments.
where x ≡ vrot/vw (vrot and vw are the rotation velocity
and wind velocity), R∗ = 100R⊙R∗,2 and B∗ = 10
0B∗,0
G are the progenitor’s radius and magnetic field, respec-
tively. Fixing x = 0.1, R∗ = 100R⊙, µe = 1, and B∗ = 1
G (even if they should be variable for different types of
progenitors), and utilizing the relation between the en-
ergy of explosion E and the parameter K in the top
panel of Figure 2 for different progenitors (M = 2M⊙
and M = 10M⊙), one gains a low RMSNR < 2 rad m
−2
in the explosion energy E < 1052 erg, as in the right
panel of Figure 3.
As we can see, the foreground RM= +223 ± 2 rad
m−2 for SNR G57.2+0.8 (Kothes et al. 2018), a highly
polarised radio burst with RMobs = +112.3 rad m
−2
for SGR 1935+2154 (Zhang et al. 2020a). If SGR
1935+2154 and SNR G57.2+0.8 is actually related to
each other and the foreground RM is not contributed
by the local environment of the SNR, it could indicate
the RMSNR ∼ −110 rad m
−2, suggesting a possible ex-
plosion energy E ∼ 2 × 1051 erg in ISM scenario from
left panel of Figure 3.
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5. CONCLUSIONS
In this paper, we have purely utilized DM contributed
by the foreground ISM of our Galaxy and the local envi-
ronments including the magnetar wind nebula and SNR
to estimate the distance of SGR 1935+2154 and SNR
G57.2+0.8, assuming the SGR and SNR are realistically
related and combining with other certain observations.
Moreover, RM estimate and results have been also dis-
cussed. Some interesting results are as follows:
• In the constant ISM scenario for the SNR, the
SN explosion energy E has a power-law function
as the ambient medium density n with a positive
index. Moreover, the distance, SNR radius, and
DM contributed by the SNR narrowly distribute
D ≃ 9.06− 9.11 kpc, RSNR ≃ 14.5− 14.6 pc, and
DMSNR ≃ 0− 5 pc cm
−3 in a typical region of the
explosion energy, respectively.
• In the wind scenario for the SNR, the distance,
SNR radius and DMSNR also spread over similar
ranges of those in the ISM scenario for different SN
ejecta mass. But the acceptable explosion energy
is more confined.
• For the RM estimate, the polarization observa-
tions from the radio burst of the SGR and the
intensity maps of the SNR might signify the RM
contribution by the local environment of the SNR
is about −110 rad m−2, which corresponds to the
explosion energy ∼ 2× 1051 erg.
On the whole, our results relevant to DM are basically
consistent with the previous studies but tighter than
them.
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